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A It tli taX t oxili hats I ieei sbioNwi lIv tmtin \it Vis adti ii istere f vrtcý, it

VIAk et it) (1 96S) to cause several ma~jor 8 hours after inject ion. ý

phy~siological changes in the rhesuis Responses of the toxilt-injec ted toon-
Mtton key follow ing toxin chiallenige. fliev key promipted this parallel stud to]v ithi

showed that there was at partiail depres- the infection itself. A retna-~kabl e slini -

ston or complete loss inl cortical electri- Iarity between responses of the b ac terial
ca1l activ'ity ( EFE( ) w~hich occurred its disease and the toxini-challenged anii-

it, a 3 as inuintes after toxin adminiOis- mtals was ob served.
V ation, followed ini some cases by\ de-
pressioui in cyclic patterns that appeared MITI D

!~ifdependent of other lphi siological Thie rhesus iitonkeys ( .11actica mu-
Sanges. A few\ hours before death in- latta) used were fromt Pakistan antd

reased depression was followed by weighed 4 to 5 kg. The 5 aniimals in the
x_ O OiC hpe rtenision that appeared to group (,n w hich EI( w \ere recorded had

, proges \ x itl thle degree of initox ica tion electrodes permtanentt ly impijlanited onl
~to finial cardiovascular collapse. Du)r- the duira oif thle I raini lv stanidard tech-

"tug thiiis progressive in tox icat ion actt te niItijLies at least 21 days b efore challenge.
Wispiratory dhifficul ties b ecamie apparentit, Elect rical cortical act ivity was re-

-. rl tlinatelx terminia ting int apnlea. Re- cordled on] at model 1ll 1) (Grass lt olx-
)ialorv patralysis and thle resultin grp (Grass Instrumten ts, ulw

L~eatil (If thle mlonkeys were at trib uted to M Iassachutset ts). A.-\othIer group of 6

the dlirect action of the anthrax toxiin int animals was used for sitmultineons re-
the deep respiratory ceniter of the cotrditigs with ita SanbI orn M odel 9)64-
brain, sitice conductattice over the 1100 (Sanbornt Co., W\althamiii Mfassa-
ph renic nerve anid leienroit tscutar j unc- chutset ts) for reslpira tory rates and~ eOct-
tionti\was shownt to lhe intact. These trocardiogratus (EKG;). I lemtatocrit
pivisi~tlogical chartges and~ (leatih bi in- valuies, wh.itle flood cell (ottftts., titinibeur

totxicatiotl couild lie pirevenited if anti- of bacilli, and tunits oif tooit per ntil oif
blood \%ere takent ott all S-ltotr schedule

after challenge un1til death. C onstantt
kci ivici fir pidiihljimiii .1n Itic1, 1907 of iservatioti was exercised, andI add~i-
\ v ~i-h t,. v\tniil oiir thaik, to Col \\. IW tiotit samptlest' were obitaintedl as ithe

Itei-el. L-i-t 1titrii-k. for hi- tommiien, t .iilt en- tune of death app~roached1 anid at decatht.
,uriu inei Ol te prepir~itim ofi thi, njm

rit ecattse oif elect rical intterferentce, w
* knti. i 1 tI I!11 ri-&Lriti nirtiuorieu herein, were mitalile to reco~rdi bothi lEFc andti

the Ahe-t~ii~-.ilirediP (Cijde for titi- 1(; oiti the same~l .11itiiiul. TIhe tttethto(s
ii,r\ tuuimil I t.ilifie- oidt (Xnre' i-t.itui-heit h\ for monoitorintg nteturologiical anid lphts-

imil I i ilitii- mdircl ( thei hiti-linitiift- * \ ir~- iutlogical responses are those of Vick

IrN Am.tnni 16 -imiui -, Ntmi.itI \ii oii f et Al (1096,0 andt Klein et al (1966), re-

9)7
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A\nimals mer c hcIalleniged ni1t rakdr- ma. just .it the dletectal e level hy dV(irect

muall\ N\ itli 1 X 10' spores of thle \'ollumn miicroscopic observation. Tihe first mlajor

(Vib) strain) of Bacil/us inthrac..s. chanige occuI~rredl it 54 hours %\ hen lE(E'
I nil Inigs sho%%ed signis of diepressedl elec-

RI..I. trical (orwitdi .ctivit\. Fromi 54 to 62
~Septico-ia and blood cell changva. In- holurs (7 mm nties b eiore respi rat ~io

divdiiai populat 0)05 of orga nismsi the ceased ) the EEG Etracinigs s110WCd that
blood0( of the 6 uioikevs in fec ted \\it h elect rical cortinical ac(t lvi t\ steadliI de-
anthrax are summliarized1 in figiure 1. cljlled to zero. This loss of cortical i(--

The dose (of 1 0" spores, w\hich Is 2 to t -it\ pajhralleledl thle ob serva tin o01 (f

1t) timies the (lose used in w\ork reported Vick et all (19~68) Ii. muotke~s, injec ted
earlier (Ml~ein et all, 11966), resulted in w\ith sterile anthiirax toxin.
times to death of 32 to 62 hours. This Electrocardiog'raphY and respiration.
lime is roughly tw~ice that at whilch The recordings of I iiioiikev are givenl aWS

mon keys (lied following challenge w~ith typical for the group (ftigure 3). E~ach
10,0)00 units (If anthrax toxin N\ick et ;ill, iiioke\ wais usedl as his own control
1 968). 1in all auuimuals septicelniai wa is ohl- prior toI challenge. BoIth cardiac and( res-
served at the 24 to 30-hour sampling piratory rates m~ere w~ithin the( normal
period and( increasedl until deait h. Toxin range (heart rate. 1 92 per mintitc; t res-
A as not dletected un til the terminal piratlln, 40) per minute). lb is repre-
samp lle. Its level variedl betweeni 15 anid sentat lye mlon ke\ d ied at 56 hours. 36
110 rat unlits (I LameIs et ad, 1965) anld nmitites with 10' organismis per mil (of

wa-is dlemonltstrated lin all animials. blood. The sept icemi a of 10' organ 151115

The whlite blood cell COLunS and the per nl \\its first no0ticed i- 24 bours andi~
hemia tocri t levels paralleled the more stead ily increased (during the .32 lhours
exteIsiVe (lata pl d)~iished eartlier b\- prior to dleath).
K line et all (1966). There was an ill so- W~ith thle onset (If sept icemia~ It 24
lute leukoc\ tosis, and the hemnatocri t hiours d vspnie wais delni iiely no(ticeabled

reading increased in 4 of 6 aninuals; the and becatme more severe ,is tile (lisease
other 2 remained witIin ii iormiia ragtig. progressed. Except for at short lerilol

EAlcctroencplia/ograp -Al. Th'le E L'G at 51 hours w lien it dropped to 25 petr
trace for I animal is shown illifigure 2. It miin ott. the resllira tory rate remlalinell
is typical for the groupti)(Il which Irac- conistanit (45 + 3) unttil 3 miuinle11s be-
iligs \\ere obtained, w~ith additional fore death, w~hen It graidlIallv fell to
obIservationls noted below. T]his an~imlal zero.
(liedl at 62 hour-, 7 miinutes. The Through this enitire perniod until 16
terminlal numilber (If ba.cilli per inl (if minuites before (heath. thc( LIKG rc-
blood m~as It), at iititnber slolmewbat inained essentially inormal. A~lthough

lo\\er than usuall\ found, the heart ratte shboxaed soime yari.Iti(Ml

The traning before challenge \\as noIr- (2501 to 1.5t0lper mniinutc), it sta' ed \6 thin
mal for the( moniike\x s \% have oibservedl. normal limits. lIn the List 16 minutesv the
An incipient Septicemnia occuirred be- EKGK amplitude, along, ~\ith the hevart
tween t lie sitinpling pieriodls (if 16 and 22 rate. (lecreisewd r.IliiIl\ i loll oiif(rI .

hotirs, soi that it 22 hours l0' bacilli A heart elct \\as dletectedl for 5 minlutes

per niid x\cre observed. The 1:11; re- after respiration ce-ased. ;tt observattmii
muailned e"SeIlllxialk orm~al. At 44 hours colisistilti with that1 (If either r.it!s or
the organtismi level lii the 11100(1 had Ini- miiiikec s killed x\ itl sterile ilitir~i\
creasedl 1o 10' oirganlismus per ml,1 w\hich tmixlt.
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Pft- CHALLENGME 24 NNa. POST CHALLENGE (10 O 0*0S)

EKG -- ____

HEART RATE -240.4mill. U251 MIN.

RESP FREQ.-

48/ MIN. 84/MmN.

46 M4RS. POST CHALLENGE (4KX1 ORBS.) I S HAS. POST CI4ALL111AE 101a ORBS.)

EKG

HEART RATE -225/111111. 228/MgH.

RESP FREQ.

4/I.45/MIN.

36 MRS. 34 MIN.POST CIALLIENG (100One.) 56 "011. 36 MIN. TERNALI.EOSORGS.)

EKG

HEART RATE - ISO/IN. 53/1111110

RESP FREQ.

28/ MIN. O/IUU.

Dist 1 101l"1N over it short p~eriod oIf tulle. 'Ill(, signs

After sO 21w jell o~rgatt usll gromi h in InI thle List half (of life for hothi thle disase

the host lethal (huitnilles (of toxin arc and toxin chIallenige are remaI~rkab~ly
Jprodi(Jledl anld aii I rax lie~coliii essell- compa).rab~le andl parallel. TI'he cent Iral

I ialv it t(\Iigello( (liseatse, leiditing to at Ilerl(.I(Is s\stul is pro( g ressi 'eh dc-
(disease s\tl(Irone Iditelllida I) tihat seenl pressedl. Ill thle (',irdimIasculllr Ss slcIII
NxsIl1 sterile anlthrax to~xin. 'Ihle differ- funictions ilrlalla" mitil prire -mrlvoal
elnte Ill tulleof ilppeiii-imccof signs ismat- apneca. Some degree of d1.\spiea Is ohI-

trilitllthtle to1 lIlt( fict thlat li lIli( spo(rc- served liii!. jprelerIltilIlI1 . Irespil-ati(Il

Ill somtle direct relatlionlshipI I(l tIt(e n1111- Parallel wjilth and flhllow ull( rcs .(i.t~

1er Elf hacilih lrcsittl il Iliii Ic I bo W 1)11 failu~re c.(rdlio'sclsllll (llallLut lit-cowi

I ll- loxilli challen~ge .1 let ha! closc is given illtrc.I.illgI v t'iciett imi 11 4 arditi t ,IrOsI
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M Iiddleton and Stainden (1961), work- calmiily and~ showed no sign of grave
ing with 2 mionke\ s (\ cexclutde 1 withI illness. A few iiiintil es b efore death, the
aitll colt coinifection and I that was patient bicamie cyanloti .. . ienaar
sacrificedl) , ol served an inltact niii - (1961), reportinig onl Africant veldt atil-
carlitiii and niormial F K( during the nials, writes, "Ili the miajority of c'ases it
course of dlisease. A recording onl an appeared that dat (Itii occurred suddenily
animal made atl 2 hours before death inl- and there wvere few or no signs of kicking
d ica ted noi signihica nt chanige lin rate or and strUggliiig. A zeb ra wxas found dead
function. Apparently no chainges were with at mouthful of green grass onl which
ob1 servedl inl clither of the animials at it)- it wais feed ing. lin other cases dleath set
proximttc l\ IS hours becfore (leatih ill more griad uall\ and these cases could
II oweve-r, recordlinigs %\ere not mai~de not lie referred to the iperacoti te formi of
neair death of the remiaining mioik-e\, thle disease." There is nothing inl our
and tilie to delca ~t hws not 01 served 0I reSL1tSil tsan ver\ little ili records of
knowiin within 5 or 6 hou rs. Free toxin hieldl cases to Indicate that --low\ *uleth
N~as demnitstrated lii termiinal blood of and complJlications occur, such ats \%otil(I
lioth mnoikce s tested. We agree wvitht lhappent if the kidneys i~ere shutt down,

their remark that "it is dlitficuilt to rt'c- resultinig lin 'secoiioarx shock"' (Smith
oncile the traicntgý of a reninarkabl~ lin- eli al, 1955), or if Ium~nonary oedema
tact imiocaiiidum x ih the cliniical pic- occurred (BHeall and I a'ldorf, 1966).
ttire oif aft ovet vh;ciin Ing liactereiiia in) resulting iii hemiocolicelitratiofl and1(l
aitimoribuinnd anittifal." I lo\\evevr, %\e (us- prolonged strtuggle for oxygeni with ex-
agree mill their conicluisioni that "circii- tend(edl dleath agony\.
lator\ shock inl anthrax prol ah ly resuilts As %%iti ei very comuplex biological
If.rom toxin dlamtage to tile periphecral phenlomenion there are excepitions to
tissuie. cauisifig loss of vascular tonle and any generalization. Some allnimals (10 (lie
ilitegrity.' Ibis statement is not coln- slowly\ anid ill extended agonly. eveni to
sistelit \%ith andr sup~ported lby their thle point of v'ocalization, as nioted inl 2
(latit. ( hur w\ork shows that cardiOVa1scti- cases liv lPienaar (1061 ). We have oh-
hir changes follow\ respiratorn chianges, served thle samte manifestations m itit
an o iservatiofi overlooked fir ignoredl li\ somie rabbiits andl mioiikes. Somne inl-

thiese ;ittol other \\orkers. - div'iduals shio\\ earl\ si gns of illfness. To
Thbe correlation lietweel thle plivsio- account adleittatclv for exceptions to

logical Jiaralnetcrs rei-irdleo inl our \\ork ouir geiieraliz~ation, mire \\uirk needs to
andiil if held and1( laiboiratoir\ obhservationis lie donie. The clatssical \\oirk of the
of] anthrax catses is quite consisten*ft. l'crtoii group (Sutiti et all. 1955) ill ido..i-
Except for at fewk cases oif dutllness, de- tifving the Iloxin of Ii. at~nhracoi forms
prtfmo, anid anoxia, iiitcctecf animals the bkisis for ouir piresentl \ork, the re-
slio\\Ced few.\ signs unltil olcatli stiddeii stilts of w huch miake antihrax comimilai-
iiccuirred. [lhe lilcr~ilutre onl anthrax, tile to other tuimil-))ri)ucing iirgatlllism.

\%livihier for huiniais uir animiials, re- It is pecrhaps most parallel tio plague it)
peac~iltd tses termsi tha lii licifi 0iii- \\ichh hiaiilli are dlissemitniatedl throuighi-
cXlieilul. sliiubIcyl (Itlili. Wc ire vs- ou thle hiody. liii It is also simiilir to
pccuill il i prkciiiive iif tlic olnservaiols dilihiheril andi tetaittis, (diseases iii \\ hi~hi
of \liiisjuuir (19)61 )()un luvulies liti- the calls, 1 iirgailltmisi . very lu-aliieu.

ii,.I Ic S.1, 1t1.11 .th~ . .iiihcellk tin1- L~i Ie I fIc mire iecil lie saidl abouit
uchiiii w uit i )ii iiiirril i'iu 1tiimi0i t hicraiii iii Iltlhir~lx thiui1 \1. li c hav
te\\ limiii..tis hu 1t. ple iu n hah talk-ei lotfilu ls here (Linicolni et il, 1 964it, 1);
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K'lein et all, 1962, 1967): For at toxigenic aioun its of sterile an di nix toxin. Anl-
disease the only know n specific antidote t hrax. is now viswializel its at clinically
is antitoxin (an tiseruni) which shou]( ldN de Iisease \\ith 111ualiv simi ilarities to
he u1sed ill con)Ij ti(t onl wi\th bactericidlal plague, diphitheria, tel tanus, ;111(l other
an tilpiot ics (pen icillinl and streptolmn- let liai! toxigeul ic (liscaedst.
ciii). Thie prop~er choice of treatmient lbe-
comles more critical inl the latc stages of 14 1 Hi Nds.

septicemfia. Russian medical treatilienit ReaiI, F:. A.ad I i0iIdorf, F. G. 1960, J Infct

of anithrax appears to make moure use of N,)i 116:377 381).

antisera thian does western medicinle Z11l timinn, Kx. V. 19011, IC..,rl~ diffrnildan~,o
i .nfectioutedti-e.i'.t tr,t,hion,i from the lmoi~k.uses at variety of drugs that -would lbe \I)co 1ej~'v 161,1i7), I~iriI,t l..ULL M~ic-il

expected to stimulate the cardioVaseni- Inti.itit'.
Jar svstemi (Leliedev, 1961 ; unin, 1960). ItiLne It. W,, Kleini, F.an~d Liic('ljm, R. IC. 1965,

I )ti r modlel onl an 111 nix treatment and .J IBLt 89:74 83.

proph\lhu is (Lincoln et al], 1964) aole- K~leinl, V., 1I loge-, 1). I., Ma.h 'indL~l, G . B., jouu',

(luately describes tie interaction atiolig \%. I., Jr., Iltijie-. 1. W\. anjd Lincoln., k. IE.

the principal varaianles of this disease 1962, Science 138:1.33 1 13.33.
Klein, V-., LjincurIn, R. EC., \.lihliznld t. G

syndlromte and is hiighly applicable to the I)d.,I ' i VlcI .tf7 rcSL

suggested treatmuenit oif anthra nx. I:xp Biýi \ted 124:678 0,82.
Klein, V., \Vdlier. 1. F. it/Imitriik, 1). F.

A depression of t he cortical electrical Jr., ilob, J. P, and H enidrix, K. J. 1900, .

aci ity obevdo lcionehl- tikct N i- 116*.1!. 1.38.
ctivtvobsevedoilejc(troij(-j~h)( Lebedlev, V.. 1961. `Sovict NI eLI 25: 134 1 35.

grains, and stibseqjuent resp~iratory fill- ltii .I. liI.\,kr .SIin-
tire occurred tin rficstis mionikeys (lving R A. l~e,\ .Jr.. \tl~lhindt, it. (I..1d
of anthrax. The cardlac arctivityV arid re- Friedndni, R. It. 1904a...n Aimiiinr,ii.il ,ient,

spiratory rate did not chatige during, the md, Lhuliterap\ \,ol 4. Annt \rh..r. .\criiel,,I

disease un1til, ats eVidence~d 1) iv rSpira- SKwt\ 6-r\Icttjl x
tI,,lid, R. LC., Wilkvr. .1 Sý_ Klein, 1I. mdi

tory patterns, acute respirator\ (list ress It'A ')ii,.L.IcCVeS Q:2

occ.urred. At this time typica l anoxitc Miv,1.\.10b cacu t :2

responses \%ere o1bservedl. Whmi te W iood NI 1m-p~r. NI . 19(1, (omnium \i Vet it .r In
'ell cotunts andl hematocrit readings douc-i.a 5:01 87,

increased late in the course of disease \IiddIvt'm. G ~ K. 111t "tiII'mel,, V . 1961 1~

and !several hours after at sep ticemi a had Infect I i- 108:85ý Si.

been obiserved. A\ terminal toxemia iwa *V Ijicimar, V. dle V. 1961. Kjevde 4:4 17.

(lemntistralsiv. The ierminal responses Itrit I M..) lpit, 36: andl 472,t-....1 95

were essentially idenitical to those that Itr. .1. ii. P ~ ., W N) L 472 \t~~nt

%\c havye repoirtedl for rhesuis tnonkevs It11 1).',ne. . itll-h. I) C. I'9o8* J
and) chitmpjanzees chlwlenlged \\ith1 lethal Infeit Ilii- IM; 965 Lt

(iji rilrt1 fnt' h\ 111 1 i~iu .4 (ml ,


